The electroweak corrections to the partial widths of the H + →χ + iχ 0 j (i = 1, j = 1, 2) decays including one-loop diagrams of the third generation quarks and squarks, are investigated within the Supersymmetric Standard Model. The relative corrections can reach the values about 10%, therefore they should be taken into account for the precise experimental measurement at future colliders.
Over the past few years, much efforts have been devoted to search the new physics beyond the standard model (SM) [1] [2] . The minimal supersymmetric model(MSSM) [3] is considered as one of the most attractive extended models. The MSSM predicts three neutral Higgs bosons, two CP even bosons (h 0 , H 0 ) one CP odd boson (A 0 ), and two charged Higgs bosons (H ± ). The existence of H ± bosons would provide conclusive evidence of physics beyond the SM. Therefore, searching for charged Higgs bosons is one of the major tasks at present and future colliders.
In the future Linear Colliders (LC) there are several mechanisms which can produce charged Higgs bosons: (1) Pair production via e + e − → H + H − [4] and e + e − → γγ → H + H − [5] . It is found that these two processes are prominent in discovery of the charged Higgs bosons. (2) Single charged Higgs boson production in association with W ± gauge boson at e + e − colliders, provides an attractive alternative in searching for H ± , which is kinematically favored when m H ± exceeds m W [6] .
At the CERN Large Hadron Collider(LHC), charged Higgs boson pair can be produced via Drell-Yan process→ H + H − [7] and gluon-gluon fusion gg → H + H − at one-loop order [8] , when the charged Higgs boson is not too heavy. For a charged Higgs boson with mass m H ± < m t − m b , the H ± bosons can abundantly be produced in decays of top (anti-top) quarks t(t) → bH + (bH − ) from the parent production channel pp → tt. The dominant decay channels in this mass range are H ± → τ ± ν τ . When m H ± > m t + m b , the dominant production of single heavy charged Higgs boson is via gb(gb) → tH − (tH + ) [9] , gg → tbH − (tbH + ) [10] and qb(qb) → q ′ bH + (q ′b H + ) [11] processes. The sequential decay H + → tb is known as a preferred channel for H ± boson search. But this charged Higgs boson signal appears together with large QCD background. Alternative production modes of heavy charged Higgs bosons are associated heavy H ± production with W ∓ bosons via gg,→ W ± H ∓ . In this case the W ± -boson's leptonic decay may be used as a spectacular trigger. This associated heavy H ± productions with W ∓ -boson have been investigated in Refs. [12] [13] [14] .
The heavy charged Higgs boson decay modes in the SM (including H − → bt,H − → sc,H − → W − h and H − → τν τ ) have be studied and simulated in Refs. [15] , [16] and the references therein. In Ref. [16] it is concluded that H ± with mass up to ∼ 400GeV can be discovered by the LHC, if tan β 3 or tan β 25. The SUSY decay modes 2, 3) as the signatures of the MSSM charged Higgs boson at the LHC have been discussed in Ref. [17] , there they simulated the decay H ± →χ 2, 3) in the regions of the parameter space, where the identification of H ± via their SM decay modes have been proven to be ineffective at the LHC. The MSSM decay H ± →χ ± 1χ 0 1 yields a single hard lepton from the chargino sequential decay, and
3 ) decays yield three leptons from chargino and neutralino decays.
As we know that for the comparison of the theoretical prediction with the precision experiments at the LHC, calculations at tree-level are no more sufficient, the inclusion of radiative corrections is necessary. In this paper, we investigate the one-loop electroweak corrections with top(stop) and bottom(sbottom) contributions to the heavy charged Higgs
Since there is no one-loop QCD corrections in these processes, so the electroweak corrections with quarks and squarks are most important. The Feynman diagrams for the H ± →χ ± iχ 0 j at the tree-level are shown in figure 1 (a). The one-loop Feynman diagrams involving the third generation quarks and their SUSY partners in the decay of charged Higgs boson to chargino and neutralino, are drawn in figures 1(c). The self-energy of charged Higgs boson, chargino self-energy, neutralino self-energy and H ± − W ± mixing self-energy are shown in figure 1(d-g ) respectively.
In the calculation, we use the t' Hooft gauge and adopt the dimensional reduction scheme(DR) [18] , which is commonly used in the calculation of the electroweak correction in frame of the MSSM as it preserves supersymmetry at least at one-loop order, to control the ultraviolet divergences in the virtual loop corrections. The complete on-mass-shell scheme [19] [20] is used in doing renormalization.
Firstly, we review briefly the chargino, neutralino, and squark sectors of the MSSM to settle the conventions. The tree-level mass matrices for chargino and neutralino can be expressed below [21] :
Here
SUSY-breaking gaugino masses. These matrices can be diagonalized by unitary matrices
The parameters MQ, MŨ and MD are the soft-SUSY-breaking masses for the third generation SU(2) squark doubletQ = t L ,b L , and the singletsŨ =t R andD =b R , respectively.
A t,b are the corresponding soft-SUSY-breaking trilinear couplings. We define the squark mass eigenstates as following:
Rq is used to diagonalize the squark mass matrix RqM 2
The vertexes of H +χ+χ0 and G +χ+χ0 , which are related to H + →χ
, 2) partial decay width are determined by the interaction Lagrangian, which are given by [21] :
whereP L,R = 1 2 (1 ∓ γ 5 ) are the chirality projection operators, and we denoted:
The decay width of H + →χ + iχ 0 j at the tree-level is expressed as [22] 
where
To obtain the renormalized vertex H +χ+ iχ 0 j , we introduce parameters and field renormalization constants as follow [19, 20] :
here for the charged Higgs boson, chargino and neutralino, we introduced the mixed field renormalization constants and the counterterms for the U, V and N matrices.
In the on-mass-shell scheme the renormalization constants defined in Eq. (10) can be fixed by the following renormalization conditions [19] [20]:
• The renormalized tadpoles, i.e. the sum of tadpole diagrams T h,H and tadpole counter-terms δ h,H vanish:
So no tadpole needed to be considered in our calculation.
• On shell condition for the charged Higgs boson,
the "hat" denotes the renormalized quantities,
only the real part of the loop integrals appearing in the self-energies. From which we abtain
• The fermion one-loop renormalized two-point function can be decomposed as
are the fermions self-energy matrices. By imposing the on-shell renormalization conditions for fermions, We can obtain the renormalization constants as following:
Then we can obtain the chargino wave function renormalization constants δZ +,ij and neutralino wave function renormalization constants δZ 0,ij from above equations.
• The renormalization constant for the electric charge and counterterms of gauge boson masses:
For the weak mixing angle we use the definition cos
, this gives:
• The tree level Lagrangian contains a mixing of the gauge boson fields W ± and the Goldstone boson fields G ± , namely
After substituting the renormalization transformation for the Goldstone defined in Eq. (10), We can obtain the relevant counterterms
Then the renormalized one-particle-irreducible two-point Green function can be written as:
We impose the renormalization condition in a way that the physical charged Higgs boson dose not mix with the physical W boson, then we havẽ
If we impose δv 1 /v 1 = δv 2 /v 2 , analogous to the Eq.(A.15) of Ref. [23] , We have:
then the counterterm δ tan β can also be obtain from the H + − W + mixing selfenergy.
• The counterterms δU, δV and δN can be fixed by requiring that the counterterms δU, δV , and δN cancel the antisymmetric parts of the wave function corrections [23] [24] [25] :
The explicit expressions of all the self-energies concerned in our calculation, can be found in the Appendix and the cited references therein.
By substituting Eq.(10) into the bare Lagrangian Eq. (5), we can obtain the counterterms as follow:
where we have defined
Then the renormalized one-loop part of the amplitude for the decay H + →χ
where δC
are defined in Eq. (23), and Λ L,R are the form factors contributed by the diagrams in Fig.1.(c) , their expressions are listed in the Appendix. We have checked both analytically and numerically that the renormalized amplitude Eq. (25) is ultraviolet finite.
We define the relative correction quantitatively as a ratio of the decay width correction from one-loop diagrams to the tree-level width:
Now we turn to the numerical analysis. The SM input parameters are chosen as: and tan β. Here we assume µ has negative sign.
In Fig.2 we plot the relative corrections as functions of tan β for H + →χ In Fig.5 we present the correction H + →χ
1 as a function of the lightest neutralino mass. We can see that the relative corrections is insensitive to the variation of mχ0 1 for small tan β, but for large tan β, the correction varies from 3.5% to 7.3% as the lightest neutralino mass running from 50 GeV to 90 GeV .
The results in Fig.6 , are worked out in the mSUGRA scenario. Of the five mSUGRA input parameters(m 0 , m 1/2 , A 0 , tan β and sign of µ), we take m 0 = 200 GeV , m 1/2 = 150 GeV , A 0 = 300 GeV , the sign of µ is set to be negative, and tan β is running from 2 to 35. In our numerical evaluation to get the low energy scenario from the mSUGRA, the renormalization group equations (RGE's) [27] are run from the weak scale m Z up to the GUT scale, taking all thresholds into account. We use two-loop RGE's only for the gauge couplings and the one-loop RGE's for the other supersymmetric parameters. The GUT scale boundary conditions are imposed and the RGE's are run back to m Z , again taking threshold into account. In Fig.6 there is a peak at the position tan β = 3 on the curve for δ 12 , which comes from the resonance effect where mt
is satisfied. We can see that the correction is sensitive to tan β in mSUGRA scenario, especially when tan β is located in small or large value regions. The correction is varying from 1.5% to −3% for 
Appendix A
In this appendix, we list the self-energies of charged Higgs boson, the mixing self-energy of H ± −W ± and form factors Λ L,R contributed by the one-loop Feynman diagrams ( Fig.1(c) ).
For the self-energies of chargino, neutralino, W gauge boson and Z gauge boson with quarks and squarks in loops, one may refer to Ref. [23] , the self-energies of γ and its mixing with Z gauge boson with quarks and squarks in loop can be found in [28] .
The explicit expressions of Feynman rules we used in our calculation can be found in Ref. [21] . We denote the couplings that chargino, neutralino coupling with quark and squark in the forms as bellow(The notations are the same as those in Ref. [28] ):
where C is the charge conjugation operator. The couplings between H + and quark(squark), and the vertex of W ± gauge boson coupling with squarks are denoted as:
The charged Higgs boson self-energy reads:
The H ± − W ± mixed self-energy contributed by the diagrams in Fig.1(g ) is expressed as,
We decompose the form factors Λ L,R contributed by the one-loop Feynman diagrams in Fig.1(c) according to , 2, 3, 4) are the form factors contributed by the diagrams in Fig.1(c1) , Fig.1(c2) , Fig.1(c3) and Fig.1(c4) , respectively.
• For diagram Fig.1(c.1) , we introduce the following notations:
The form factors Λ L/R
(1) contributed by diagram Fig.1(c1) are:
• For diagram Fig.1(c.2) , we define the notations as: .8) by doing the following exchanges:
• For diagram Fig.1(c3) , we denote
The form factors from Fig.1 (c3) are expressed as
• For diagram Fig.1(c4) , we define The definitions of the one-loop integrals appearing in the above formulas are adopted from the references [29] . The numerical calculation of the vector and tensor loop integral functions can be traced back to four scalar loop integrals A 0 , B 0 , C 0 , D 0 as shown in [30] . self-energies. Fig.1 (e) chargino self-energies. Fig.1 (f) neutralino self-energies and Fig.1(g) are the H + W + mixing self-energies. Figure. 
